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EFFECT OF EXIT-SLOT POSITION AND OPENING ON THE AVAILABLE COOLING
PRESSURE FOR N. A. C. A. NOSE-SLOT COWLINGS

By GEORGE W. STICKLE, IRVEN NAI~AZi, and JOHN L. CRIGLER

SUMMARY

An investigationofftil-scale nose-slot cowlingshas been
conductedin theN. A. C. A. 20-joot wind tunnel tojurni.sh
information on the pressure drop availablefor cooling.
Engine conductance jrom. Oto 0.12 and exit-slot con.duct-
ancesjrom Oto 0.$0 were covered. Two basicnose shapes
were testedto determinethe e$ect oj the radius oj curvature
oj the nose contour; the nose shape w“th the smallerradius
oj curvaturegavethehigherpressure drop acrossthe engine.
The best axial location oj the slotjor low-speed operation
wasjound to be in the region oj maximum negative pres-
surejor the basic shapejor the particular operating condi-
tion, I%e e@ect oj the propeller operating condition on
the availuble cooling pressure is showm. The maximum
pressure drop Ap/g obtainedjor the high-speed condition
with an engine conductanceequivalentto that oj a modern
double-rowradiul engine and a propeller with good blade
sectionsnear the hubis 1.4.6and,jor the take-of condition,
is 9.76; jor a propeller with a round bladesh&k, thevalues
are 1.23 and 1.66, respectively.

INTRODUCTION

The N. A. C. A. nose-slot cowling, first discussed in
reference 1, is characterized by the location of the exit
slot near the nose, making it possible to locate the slot
in a high-velocity, low-pressure region. The limita-
tions of the set-up prevented the investigation reported
in reference 1 from covering a sufficiently wide range of
engine and exit-slot conductance to make the results
easily applicable to design. The investigation has been
extended to include the effects of location and size of
exit slot, of engine conductance, and of the radius of
curvature of the basic nose shape. The results show the
effects of exhausting the air in the nose section of the
cowling and are applicable to any design in which the
exit slot is so located. The most important result pre-

sented herein is the pressure drop available for cooling
obtained with several propellers under all operating
conditions.

APPARATUS

FIGURE I.—The set-upmonntedon thebshame. Nose E slotx opening,3 inches;
propellerE.

ment, is described in reference 2. Figure 1 shows the
general arrangement of tlie set-up on the tunnel balance.
A line drawing of the set-up is given in fiagme 2.
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. FIGURE 2.—Layoutof the testmmngement.

with Navy plan form 3790, diameter of 9 feet, and
foil sections near the blade shanks.

SYMBOLS

Az area of exit slot.
C oriiice coefficient (K,F/AJ.
F projected frontal area of nacelle.

A baffle plate -was constructed as a shutter with four
stops, controlled from the balance house, that si.nm-

Iated engine conductance of O, 0.037,0.078, and 0.116.
The propeller was driven by a 150-horeepower, three-
phase, wound-rotor induction motor mounted in the
nacelle. The speed and the power output of the motor
were controlled by resistance in the rotor circuit. The
cooling in the front of the cowling has been measured
for several conditions of engine conductance and pro-
peller operation. This information will be the subject
of a separate report. Pressures over the nose, inside
the esit slot, and across the engine baflle were photo-
graphically recorded on a multiple-tube manometer.

It hss been shown (reference 3) that a well-designed
nose section must have a change in angular direction of
appro-simately 90° in order to meet the local air flow
and that the distance in which this angular change is
made sets the lower limit of the increase in velocity over

- the nose. This distance may be called the length of
the nose section. The length of the nose section for
nose 1 was 14X inches and for nose 2 was 6% inches.
Each nose was designed to give as low a maximum ve-
locity as possible for the given length. The slots were

built into the noses as shown in figure 2 and were opened
by an axial movement of the after part of the nose.
The slot opening given in the results refers to the dis-

tance of axial movement snd not to the width of the
slot. The distance between the coding and the pro-
peller has been found to affect the pressure available
for ground cooling (reference 4) and was therefore
maintained constant throughout the tests.

The propellers used for this investigation are shown
in figure 3. Propeller C is a three-blade propeller with
Navy plan form 5868–11, diameter of 9 feet 10 inches,
and round blade shanks. Propeller D is a similar two-
blade propeller. Propeller E is a three-blade propeller

air-

qOnet- efficiency of propeller-nacelle unit with exit
closed (BV/P).

qmnet eficiency of propeller-nacelle unit with air
flowing.

TPP~P efficiency of cowling.
K conductance of engine or bafle plate.
Kz conductance of exit slot.
P power supplied to propeller.
Pc power disk-loading coefficient (P/@W).
Ap pressure drop across engine or baffle plate

(lW-lL).
AP pressure difference available for pumping air.

PI press~e ~ front of engtie or baffle plate.
p, pressurein rear of engine or baffle plate.
g dynamic pressure of air stream (+PVZ).
Q volume of air flowing through cowling per second.
R net thrust of propeller-nacelle unit.
p mass density of air.
A’ disk area of propeller.
V velocity of air stream.

METHODS

One advantage of the nose-slot cowling is its capa-
bility of developing a large pressure drop across the
baffle for low-speed operation. This low-speed con-

dition is characterized by a large propeller slipstream
contraction and is entirely clifferent from the condition
of propeller removed. Consequently, this investiga-
tion was confined to tests with a propeller. A constant
blade-mgle setting of 200 at 75 percent of the radius
(0.75B) was used throughout the tests. This setting
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FIGURE 3.—Thepropellersusedin this investigation.

is representative of the low-speed operating conditions
as encountered in presenbday practice. Comparisons
are made for coistant disk loading, defied as

P.=~(J3V (1)

This quantity for a given propeller and blade-angle
setting is a measure of the contraction of the propeller
slipstream (reference 5). Equal values of P. (or of
l/~ the form used) essentially represent geometri-
cally identical flow pictures.

The net eficiency is defined as
RV

%=- P (2)

II!
.—.-. — ..—

where R is the net force of the test unit as recorded on
the balance. The net efficiency with the nose slots all
closed is qO.

The conductance K of the baffle plate was determined
by the formula, from reference 5,

K= Q

4
Pv :

The volume of air Q was obtained from survey
measurements in the tail pump shown in figure 2. The
area of the exit slot Az multiplied by an effective-area
coefficient C and divided by the frontal area of the
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engine or the cowling F gives the conductance of the The pump efficiency with the propeller operating is
exit slot, given in reference 5 as

K,+ (3)
()

&p 312

KF ~
The flow equation of the air through the cowling is Vp=wc q~—qm

then given by the formula
K’

()

RESULTS

$=1+ ~ (4) The experimental results are presented in a condensed
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FIGURE 4.—cums of%, wsinst WE for one slot on eachnosefor wpe~ers c ad E St 20°at o.75R.

where AP is equal to the d.iilerence between the total
pressure in front of the engine and the static pressure
at the location of the exit slot for zero engine
conductance.

The change in propeller disk loading was obtained
by varying the air speed of the tunnel. The tunnel
entrance cone was blocked off with canvas to obtain
the static condition.

form in table I. The table is given in four divisions,
each division presenting one engine, or baffle-plate,
conductance. The grouping in each division is on the
basis of the propeller used. The COIUDS me arrwed

in fivegroups representing four conditions of propeller
operation: l/~.=0, the static condition; lj~.= 0.5
and 0.6, the take-off condition; l/~.= 1.0, the climbing
condition; and l/~~,= 1.6, the high-speed condition.
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The pressures available across the baffles are given in
the form Ap/n2D2 for the static condition and in the
form Ap/g for the other operating conditions. The
column p,/q is given to show the effactiveness of the efit
slot in producing a suction behind the baflle plate.
Figure 4,which presents the variation of Ap/n2D2 with

disk-loading coefficient l/~. as obtained for the test
conditions, is given to correlate the data in table I
for the static condition with those for the take-off
condition. The figure should not be used as a basis
for computing the Ap obtainable for the climbing
and the high-speed conditions. Values of the net and
the pump efficiencies are included in table I for pur-
poses of comparison but they should not be used as

=&+==s- ~- ----

----- .-. -IT +-+
=829 .3435

(c)

l)~~., slot 3 is much the poorer and, in the static
condition, gives a reverse flow through the baffle plate.

Figure 6 presents all the data for the high-speed con-
dition, lf~.= 1.6, plotted on one curve. In the ratio
Ap/AP, Ap is the pressure drop across the baf3e plate
at any engine conductance and AP is the pressure drop
across the baffles for zero engine conductance. The
ratio of these pressure drops is plotted as a function of
the engine conductance K divided by the ratio of the
area. of the exit slot to the frontal area of the engine.
The theoretical relationship of these quantities is given
in equations (3) and (4). If the effective-area coeffi-
cient is unity, then equation (4) gives the theoretical
relationship. The experimental curve may be used for

.6---------------
J.o—-_-_-
l.6— ——

PI!? = I

(a) Nose U propeller C.
(c) Nose Z propeller C.

(b) Nose u propeller E.
(d) Nose2;propelIer E.

FIGURE 5~—Pressuredistributiononthebssiccowlingshapes. Noses1snd2.

absolute values because a critical flow over the rear
portion of the nacelle makes them generally too high.

Figure 5 gives the pressure distribution on the basic
shapes of the two noses with propellers C and E. The
smooth low-pressure distribution on nose 1 indicates
that the shape is almost optimum for the given length
of nose section. Nose 2, with the smaller radius of
curvature, shows a considerably larger negative pressure.
The point of zero pressure moves forward as the pro-
peller disk loading is decreased, showing why a nose
slot that gives a high pressure drop for cooling in the
level-flight or the climb condition maybe very poor for
the ground or the take-off condition if the slot is located
too far forward. For example, a comparison of the
pressures for slots 2 and 3 on nose 2 with propeller C
(table I) shows that, at l/~.=1.6, the two slots give
equal pressure for cooling; but, for lower values of

407300 ”41—12

computing the area. Az necessary to produce a given
pressure drop across the ba%les for a given engine con-
ductance and slot location. The curve of effective-
area coefficient shows that, as the ratio of K/(A*/F)
becomes small, an increase of the area of the slot is off-
set to a large extent by the decreasing coefficient.

Figures 7 and 8 show how Ap/q varies with slot open-
ing at the take-off condition, l/~.= 0.5, for the two
nose shapes tested. The superiority of propeller E,
which has airfoil sections near the hub, is clearly demon-
strated. Slot 3 with nose 1 and slot 2 with nose 2 give
the highest Ap/q for tlis flight condition. As would be
expected from a consideration of the available AP, nose
2 produces greater pressure drops than nose 1.

Figures 9 and 10, giving the pressure distributions
for nose 1, slot 2, and a 4j&inch opening with propellers
C and E, respectively, show the effect of propeller oper-
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(b)

(a) K=O. (b) K= O.037. (c) K= O.0i8. (d) K=o.116.
FIGURE 9.—Pressrrredistribution on nose1, slot 2. Opening, 4% in.; propeller C.
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(s) K=O. (b)K= O.037. (c) K= O.078.
FIGURE 10.—Pressnredistribution on nose1, slot 2. Opening, 4X in.; propeller E.

(d)K= O.116.
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(a)

K

(s) PropellerC. (b) Propeller E.
FIGUREil.—Pressure dutribution on nose 1, slot 2. Opening 4)4 in.; l/VZ=O.

ding conditionand engine conductance on the pressure
distribution. Figure 11, giving the pressure distribu-
tions for nose 1, slot 2, and a 4&nch opening for the
static condition, is presented in the form of p/n2D2
for comparison of the location of zero pressure with
figures 9 and 10. A consideration of the point of zero
pressure indicates that, for the slot to be in the negative-
pressure region, the slot location must be farther back
for the ground condition than for any flight condition.
A plot of the pressure distribution for nose 2, slot 2,

and propeller C at a value of l/~E= 1.6 is given in
figure 12 and shows the pressure-distribution change
with slot opening for all conductance tested.

Fiire 13 gives the distribution of indicated velocity
pressure, pT/~—p/~=pV/~J around the nose of the cow]-
ing, obtained by deducting the plq on the pressure-
distribution plots from unity for the pvJq ahead of the
slot and from p,lq for the pvlq inside the slot. This
plot should be used only for comparative purposes
because the total pressures used in its determination
are approximate.

DISCUSSION OF RESULTS

The values of Ap/q in table I show a marked change
with propeller operating condition. If the slot location
is such that the Ap/g on the ground is large, it is favor-
able for all operating conditions. Variation of Ap/q with
slot location, however, is less marked for the high-speed
condition.

For the ground condition, l/~c=O, propeller E
gives a greater pressure drop than propellers C and D,
This greater pressure drop is due, first, to the airfoil
sections of the blade shanks of propeller E and, second,
to the ratio of the cowling opening to the propeller di-
ameter, which is 0.324 for propeller E and 0.296 for
propellers C and D. It was shown in reference 4 that,
for this range of values, the available pressure rapidly
increased as the ratio increased. The results for the
ground condition must be interpreted in accordance
with reference 4 because anything that affects the total
pressure in front of the engine produces a like effect in
the pressure drop across the engine.

As would be expected from a consideration of figure 5,
nose 2 gives a larger available pressure than nose 1. It
is possible that the effect of decreasing the radius of cur-

(a) Opening, 1% in. (b) Opening, 3 in. (c) Opening, 4% frr.
FIGURE 12.—Pressuredistribution on nose2, slot 2. Propeller C; W~=L6.

(a)Opening,1!4iu. (b) Opening, 3 in. (c) O&ening,4X iu.
IIGUI+E13.—Distributionof indieeted velocity pressureon nose2, slot 2. Propelfer C; WP.= 1.6.
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vature can be used to produce larger pressures than those
obtained on nose 2. If a nose shape is designed to pro-
duce too large a.negative pressure, however, almost any
break in the contour may cause a breakdowr.i in the
flow and the consequent loss of available cooling pres-
sure associated with extremely high drag. In order to
obtain good cowling performance at high speeds, a small
radius of curvature should not be resorted to because the
basic drag will increase too much. The nose shapes
tested in this investigation are useful for presen~day
cowling design and will give ahnost equal performance
for high speeds up to 35o miles per hour. Beyond that
speed, it is better to use nose 1 to @sure freedom from a
local compressibility burble.

The axial, or angular, location of the slot is not very
critical for the nose shapes tried. When the cooling
pressure for low-speed operation is considered, it is im-
perative that the slot location be in a negative pressure
region. This necessity eliminates all slot locations
ahead of the position of zero pressure on the basic-shape
pressure distribution; for example, slots 4 and 5 on nose
1 and slots 3 and 4 on nose 2 are thus eliminated for low
speed. When pump efficiency for the high-speed condi-
tion is considered, all slot locations will apparently give
ahnost equal efficiency if, as in the present investigation,
the closed slot is designed to fit into the basic shape.
This result indicates that a variable-area single slot may
be equally as good as separate slots for high- and low-
speed operation.

A comparison of the pressure distributions in figures
9 and 10 shows the same trends with a change in pro-
peller operating condition as are shown in figure 5 for
the basic-shape pressure distribution. Figure 12 shows
that a similar shift in the pressure distribution is ob-
tained by increasing the bafile conductance at a con-
stant propeller operating condition. Figure 13 inter-
prets the pressure distribution in terms of velocity
distribution. The total pressure over the outside of the
cowling is nearly equal to the dynamic pressure of the
free air stream for this operating condition and q was
therefore used as the total pressure. The total pres-
sure inside the cowling is equal to that behind the baf-
fle plate, if no losses are experienced in the return
ducts md the turns. The value of p, -was therefore
used as a basis for computing velocity inside the slot.
It is interesting to note how the velocity distribution
inside the slot changes with the slot opening. For
the 1~-inch slot, the constant increase in velocity up
to the slot exit gives a very desirable condition of flow.
I?or the 3-inch opening and the two lower engine con-
ductance, the velocity also increases up to the exit.
I?or the largest conductance, however, the highest veloc-
ity is obtained at orifice 14 (fig. 13) showing the begin-
ning of a bad condition. For the 4&nch opening, the
lowest velocity is obtained at the slot exit, or orifice
15. Here the importance of having a large radius of
curvature of the inner lip for large exit openings is
apparent.

The exit. passage may be compared with a pipe hav-
ng an approximately lSOO bend.

The incre~e in friction loss per unit length of bend
Yivided by the friction loss per unit length of straight
?ipe is given by Betz (reference 6) as

d 3.s

()
fcc consljant + ;

where d is the pipe diameter and r is the mean radius
)f curvature of the bend.

The radius of bend r is analogous to the radius of
the inside lip of the exit slot and the diameter is analo-
yous to the width of the exit opening. As the opening
k increased and the radius of bend remains constant,
it can be seen that the loss becomes rapidly greater.
This fact shows the importance of having as large a
radius of curvature as space limitations permit for the
inside surface of the exit slot. If this bend is too sharp,
there is danger of a breakdown of flow with a complete
stall of the cowling back of the exit slot and a conse-
quent high drag and small cooling pressure. The
radius of bend is a function of the slot opening. If the
radius of bend is suitable for maximum slot opening,
it will be equally good for all smaller openings. In
the present investigation, no breakdown of flow occurred
over the inside lip of the cowling but, in an unpublished
flight test, this condition occurred, giving very rough
operation of the airplane combined with a large increase
in drag. The test results do indicate that such a condi-
tion is possible since, in many instances with large exit
openings, the maximum negative pressure on the entire
cowling was on the inside lip of the slot. (Note figs. 9
and 11 for an engine conductance of 0.116 and a 4j4-inch
slot opening.) The foregoing discussion indicates that
it may be necessary to resort to guide vanes or multiple
slots in order to realize the full benefit of large exit
conductance.

CONCLUSIONS

1. The maximum values of Apiq, taken from table I,
are tabulated for the two nose shapes and the two
propellers used in this investigation.

I Cowling and propeller
designation

slot ~ro.
Omn- el.A2/FNose slot ~g yer

(in.)

1 3 3 c 0.156
3 3 E .156

; 2 4% c .236
2 2 4% E . 2S6

I 3 3 c 0.156
3 3 E .156

: 2 4% c .’286
2 2 4~ E .286

Condurkma,IC I Condu.tanee,K

o 0.027 0.078 0.116 0 0.037 0.078 0.116

I

Take-off
l/’JPT=o.5

2.Ml 2.05 1.so
5.40 4.78 3.97
2.90 2.47 2.16
6.03 6.10 5.23

Oliib
1/’.=1.0

1.98 1.4s 1.13
2.48 2.08 1.67
2.40 2.05 1.65
3.02 2.69 2.19

— —
1.32 2.45
2.97 4.15
1.05 2.77
3.75 4.s3
— —

— —

0.82 1.86
L 17 ------
1.49 2.17
1.96 2.41

Take-off
l/’&=o.6

2.00 1.62 1.15
3.67 3.01 2.28
2.46 2.0+3 1.67
403 4.07 297

,,
High Speed
l/’~~=l.6

1.37 1.04 0.75
i.g. y& *. g

1:93 1.04 1:45
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From this table it can be seen that:
(a) Cooling pressures of several times the dynamic

pressure of the air stream can be obtained for the low-
speed fight conditions, not only with small engine con-
ductance but also with large conductance correspond-
ing to modern double-row radial engines.

(b) The data of the table confirm the earlier conclu-
sion that the cooling pressure for low air speed is
greatly dependent on the propeller blade section near
the hub.

(c) There exists an optimum radius of curvature of
the nose section of the cowling. If the radius is too
large, small cooling pressures result; if the radius is too
small, a condition is reached in which breakdown occurs,
at least for the largest slot openings. For the ordinary
present-day speed range, nose 2 is probably near the
optimum radius.

2. For maximum ground cooling, it is important to
locate the slot in the region of maximum negative
pressure for the static condition.

3. It is important to have a relatively large radius
on the inner lip of the slot, particukrly when large
engine conductance and exit slots are used.

4. For the condition of high-speed flight, the location
of the exit slot is not critical in regard to either pressure
drop or efficiency.

5. Greater care in streamlining the nacelle of a
nose-slot cowling is required because of the more for-

ward location of the exit slot as compared with that of
the conventional N. A. C. A. cowling.

LANGLEY MEMOXIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,

LANGLEY FIELD, VA., January 1$, 1939.
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AVAILABLE COOLING PRESS~E FOR N. A. C.A. NOSE-SLOT COWLINGS

TABLE I.—CONDENSED EXPERIMENTAL RESULTS

l/’&=o l/’Jx=o.5 l/’~~=O.6 1/’-.=1.0 l/a~~=l.6

PrO-
Jl#. AzJF ~p P,

AP p, AI)
~ ~ & AP & AP p,

z- 7 ‘“ ~’ -T g % %
Xlooo Xmoo T !l % 7P z- T ‘n ~’
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slot

0s0 slot Of?;:

(in.)

CONDUCTANCE=O

,,— —
...
1
1
1
2
2
2
3
3

:
4
4

. .
-.
1

:
2
2
2
3
3

;
.-
1
1

;
2
2
3
3
3

. .

. .
1

:
3

-------
-0.16
-.16

-------
–. 72
–. 72
–. 85

–1. 06
–1. 30
-------
–. 46
–. 70
–. 66

I I

0.460 -------------
.453 -------L 29
.455 -------1.69

,------- .0.513 ------------
–O.25 .510 ------1.24
–.25 .518 ------1.35

0.648------------
.648 ------1.21
.646 ..---- 1.28

------- Q:%; ~:::
–O. 38
–. 45 .596 ----

. -------- -------- .....-.
-------- -------- 1.23
.--------------- 1.97
0:y; –: ]3 .-.-..

2.06
.258 –.080 1.93
.260 –.081 1.98

-...----...----- 2.42
...-------------2.60

.195 –.054 ------
----------------1.74
...-------------
----------------M!

-------
-0.39
–.43

-------

:%!
–.73
–1.02
–1.06
,------
–.96
–1.07
–1.02
.-.....
.-----
–1.46
–1.36
–1.33
–1.00
–1.54
–1.44
–1.12
–1.23
–1.21
–1.12
.-----
—.
-.f?

,------
-------
-------

–Y R
.------
.---.--
.----.-
-------
–1.44
–1.46
~; ~;

------ ------- ------
.455 -------1.86
.455 ------.1.87
.400 -------1.92
.452 -------2.25
.450 -------2.45
-------------------
.457 -------1.64
.454 -------1.91
.459 -------2.00
..453 -----------.,
0.453-------------
.449 -------3.00
.456 -------2.%
.451 -------2.94
.452 -------.--..,
.447 -------3.02
.452 _-_l 2.77
.455 -------L 84
.450 -------2.02
.452 -------2.06
.437 -------2.53
a.441 -------------
.448 .-.-...2.25
.439 -------2.46

-------- ------- ------ ----.
–. 72 .511 ------ 1.59
–. 80 .512 ------ 1.07
–. 82 .516 ------ 1.69

–1. 05 .514 ------ 1.95
–1. 22 .508 ------ 1.98

.-.-. . ------ ......
. M2 ------ 1.48
.635 ------ 1.57
.642 ------ 1.54
.539 ------ 1.82
.630 ------ 1.86

-------
:%
–. 69
-.97

–1. 01
-------
-1. H
–1. 08
–1. 04
-------
-------
–1. 19
–1. 18
-1.14
–1. 46
–1. 44
-1.30
-1. 2?4
-1.31
-1.26
-. 09

------- ----
.505 ----
.562 ----
.560 ----
.562 ----
.548 ----

------- ----
.552 ----
.524 ----
.533 ----

=.505 ----
..558 ----
.525 -...
.532 ----
.52s ----
. 52U ----
.522 ----
.504 ----
.548 ----
.524 ----
.510 ----
.567 ..-.

.. 573 ----
.3C4 ----
.554 ----

-..--- ------ --....
.650 ------ 1.94
.636 .-----1.93
.630 ------L 90
*.640 ------------
a.046 ------..--..
.640 ------2.06
.022 ------2.04
.630 ------1.97
.640 ------2.33
.631 ...... 2.31
.628 ------2.17
.MO ------2.13
.030 ------218
.631 ------2.16
.620 ------..-.-.
‘$.032 ------------
.640 ------1.38
.G20 ------1.36

-------
–2.27
–2.01
–1.98
-----.
–1.65
–1.59
–.40
—.6s

–: z
.---...
–.40
–.61

------ -------- -------- ------
.024 ..-.-.....--.... 2.WI
.122 ----------------3.12
.182 .367 –.071 ------
.036 .382 –.077 ------
,097 ;$2 >.m: ..----
.187 4.90
.156 --.:iti.--------5.40
b.253 –.096 ------
b.253 .363 -.091 --.---

-------
-.43
-.43

------ ------ ------
.....- ------ ------
...... ------ ------
.622 ------ 1.73
.616 ------ ------

------ ------ ------
------ ------ .-- . . .
.. 617 ------ ------
E.624 ------ .-..-.
.506 ------ 2.18
. Iiio ------ 2.22
.006 ------ 241
.007 ------ 235

-------
-------
–1. 36
–1. 64
-------
-------

------- ------- ------
.441 --.---- 3.72
.438 .------ 4.15

,------- ....... .. ------ .--,
–1.14 .5CKI------2.13
–1.42 .493 ------248

--------------- ...-
-.73 .498 ----

------- .461 ----
------- ------- .. ---,
...---- ------. -----,
..440-------.----,
..440-------..---,
.435 -------4.59
.449 -------4.80
.434 -------4.63
.436 -------4.40

------- ------- ----
------- ------- ----
--.--.- ..m ----

-.504 ----.. -----
-1.20 .450 ----
-1.1s .470 ----
-1.43 .432 ----
-1.39 .436 ----

I i i------ -------- ------.- -..---
...... -------- -------- ------
.296 .455 –.156 ......
.m .411 -.102 6.26
~.2$6 .369 –.079
b.198 --.-..----------:%

-------
–2.50
–2.25
-1.12

.,
CONDUCTANCE =0.037

).517 ------0.32 0.57
.517 ------ .94 –. 10

—
0.26 0.S?
.87 -.20

D.024
.122
.182
.036
.097
.187
.060
.156
u.253
.081
b.108
b.262
.081
.176
.2$0
.0S6
.186
b.286
.164
b.198
b.292
.150
.024
.122
.182
.036
.097
.187
.156
b.253
b.253
.296
b.296
b.286
.198

------- ........ 0.04
-------....-..- 1.34
0:;g~ –O.038 -....-

.016
.153 –.029 i%
.189 –.053 1.61

-------........ 1.32
---------------2.05
.MO –.050 -..:65

.--.... --------

.--....-------- 1.39
---------------
---------------in
---------------2.38
.162 –.078 2.53

0.96
.29

------
.56

–.06
–.34
–.01
–.63
------

.19
–.22
–.34

–7.%!
–1.25
..----
–1.09
-1.12

.22
–.19
–.34

7.%
.06

..-.---
-------
,------
–1.04
–1.08
.--.---
.-..---
-------
–2.18
–2.06
– 87

WI 0.01 0.34 0.77
.27 1.17 .15

..-.,
).71
-----
[.71
.87
.85
.84
.66
.--.
.78

:%
.87
.56
.47
.40
.43
.37
.58
.48
.44

-. .-,
. . . .
.76

.---,
-----
-----
.58

----,
-. .-,
-----
.51

:E
.51

-----
0.80

------ ..----- ------ ------.
.457 ------- .65 .46
.456 -------1.33 –.13
.460 .------1.55 –.39
.453 -------1.29 –.08
.453 ..-----2.00 –.69

------ ------ ------ -------
.517 ------ .54 .40
.512 ------L 05 –.18
.517 ------1.32 –.37
.511 2.26 L 03 –, 14
.512 ------1.48 –.52

------ .------
.44
1.01 -:E
1.20 –.34
.98 –.15
1.37 –.49

-----
::
L 49
1.12
,.-..
1.92
.99
1.05
.60
.71
.72
1.22
.68
.75

:E
.70

-.-..,
..----
.47

-----,
------
.---.
2.15
1.5s
------
------
.92
2:g

L 00

------ --------
1.21 -.36
1.46 –.60
L 51 -.66
1.12
1.44 z%
1.54 –.65
1.38 -.54
1.61 -.71
1.64 -.78
1.33 -.49
1.62 -.74
1.64 -.80
-.-... –.49

1:H –:%

-.....- .-.....- .--.-.,
-.....- --...... 2.80
.151 –.017 2.47

.--------------1.12
--------------- 1.61
–.014 .075 1.88
.-.....---------1.92
----------------1.25
----------------2.66

.232 –.040 -------

.155 .054 -----.,

.323 –.037 -------

.2?J8 –.078 4.80
.---------------4.78

.333 –.060 -------

.268 –.064 ---...,

.334 –.120 -------

.334 –. 108 5.15

.393 –.066 6.10
----------------5.02

.---..- ----.-- ------ -------

.----.- -----.- ---.-- --..---

...---- ------- ------ -------
.441 .-i-%- :g
.438 . . ::

------- ------- ---- -- -------

-....- -------
------ -------

------ ------ ------ -------
.506 ------1.94
.495 1.56 2.08 :: I-------------

1.40 -.45
------ -------
------ -------Ill------ .----- ------ ..-----

.--.... ------- ------ -------
.438 -------4.31 –1.&4
.447 .-i-%. ;;; –1.62
.435 –1.33
.437 3:98 4.01 –1.04

-xi ‘i:~~-‘ZK1-~i~iE
.504 ------2.42 –.98
.495 4.57 2.69 –1.31
.493 2.45 2.53 –1.12

------ -------
1.60 -.79
1.s] -.78
1.93 -.90
1.83 -.34

—
~With disk.“ 7).. bConstricted. . Struts Changed.
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TABLE I.—CONDENSED EXPERIMENTAL RESULTS=Continued

II 1 I I us==, I l/’w==o.5 I l/v~.=0.6 l/’JPT=l.o lIW%l.O

—
1
1
1
1
1
1
1
1
1
1
1

;
2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
2
2
2
2

—

1
1
1
1
1
1
1
1
1
1
1

;
2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1

;
2
2
2

—
1
1

;
2
2
3
3
3
4
4
4
1
1

;
2
2
3
3
3
3
1
1

;
2
2
3
3
3
1

:
3

I

,.024
.122
.182
.036
.097
.187
.066
.156
~.252
.081
,.168
I.262
.031
.176
.296
.086
.1S6
~.286
.100
b.198
b.292
.156
.024
.122
.182
.036
.097
.187
.156

b. 252

b. 253

.296

.296
b.286
b.198

...... --------
------ -------- !05
0:N& -0:g~: ---:z

.056 .025 .92

.152 -.032 L 24
-------------- .62
--------------
.119 –.021 -:.:.
--------------
--------------
---.----------$j
--------------
-:tii..=-6--;.~;:

,--------------L 30
---------------;;;
.098 –.003

:::;:::::::::::1:H
-.018 .063 1.64
--------------- 1:$
,------ -------.
..:iE. ._:6i5- --L:!

.078 .114 ------

.221 .029 ------

.296 –.039 3.85
--------------- 3.97
.~zm —.039 ------
.273 –.028 ------
.303 –. 073 ------
.307 –.081 4.46
.349 –.062 .5.23

--------------- 4.46

1.024 --------
.122 .-6-tiE-
.182
.026 :016
.097 .0S3
.187 .085
.066 --------
.156 ---:Gt-
b.253
.081 --------
b.106 --------
b.262 --------
.081 . -------
.176 -__fi-
.296
.0S6 --------
.186 -.-:6=.
b.286
b.100 --------
b.198 --------
1292 —.038
.156 --------
.024 --------
; ;2& ..-:i%.

.036 .017

.097 .128

.187 .212

.156 -..:my
*.252
b.253 .204
.296 .218
.290 .226
b.286 .2s3
b.19s --------

L 19
.38

-----

%
.19
.62

–.06
-----
.62
.27
.08

-::
—.70
.14

—.58
—.75

%
–. 18
.06
3.36
.32

.-.---
------
------
—.
–.z
.-.-..
------
.--...
-1.14
-L 4f
—.lx

CONDUCTANCE=O.078

1.459 0 0.10
.449 .18 .89
-----------------
.458 --i-66- .28
.452
.459:-1- 1:n

I.459 ------- .06
.400 -------1.62
---.- ------- -----
.460 ------- -74
.453 -------1.17
.459 -------1.39
.457 ------- .96
.45s -------1.59
.451 2.96 1.92
.452 -------1.28
.448 1.19 L 95
.450 1.99 2.64
.457 ------- .8$
.452 2.44 1.37
.452 3.95 1.65
.440 -------1.36
.448 ------- .42
.447 -------L 54

------ ------- ----:
.444 -------2.91
.438 8.92 3.01
------ .------ -----
------ -...... -----
.438 .------3.of
.445 -------3.x
.437 8.90 4.oi
.436 5.26 3.3i

------- –0: g -wL 35
-------
0:~13 ..-:6i-----

.017 AJ .70

.010 .53
------- .40 .86
------- L 32 .46
.013 _.:% ...-.95

-------
------- .61 WJ
------- .80
------- .56 .77
=:6i6- 1.05

1.56 –:%
------- .91 .52
.-:6ii- L 72 –.06

1.65 –:;;
------- .38
------- .91 .52
.006 .91 .27

------. .98
------- iti
------. 1% L 46
.057 --------------
.132 --------------
.085 --5:%--------
.028

--..--- 297 :X
.026 --------------
.048 ------. -------

–:~ 3.77 -.36
3.82

–.006 3.75 ~.%
-------- 3.53 .07

0.98
.40

------
.77
.32
.03
.48

-.22
-------
.~

~. 16
.33

–.2J

-:~4

::
.32

–.07
–.35
-.10
L54
.03

.--.--

.-----
------
–.31
—.46
------
------
-1.29
-L OJ3
–1.42
–.72

CONDUCTANCE =0.116

): ;;: --6-j6- 0.03
.42

-------------------
.457 .------ .10
.452 ------- .54
.465 ------- .00
.455 ------- .25
.457 -------1.15
.------------------
.455 ------- .42
.460 ------- .80
.459 ------- .95
.457 ------- .42
.460 ------- 1.04
.452 5.45 L 56
.453 ------ .86
.450 z 10 1.57
.450 L 69 1.67
.459 ------- .00
.452 2.43 L 08
.452 2.43 1.17
.440 ------- .89
.449 ------- .2a
.443 ------- L 15

------ ------- -----
.442 .------ 2.m
.439 17.10 2.28

II------ ------- -----
------ ------- -----
.436 6.08 2.96
.448 -------3.12
.439 24.18 2.97
.440 -------2.65

1.12
.74

.--...
.91
.60
.35
.03
.31

------

:!!
.26
.68
.18

—.
.%

–. 13
-.26
.65
.26
.06
.31
L 69
L 12

......
------
------

.39

.46
------
------
–.45
–.38
–.52
–.01

).517...... 0.11
.510 0.91 .59
------ ------ -----
.519 ------ .’20
.512 ------ .63
.515 ------1.02
.517 ------ .59
.516 ------1.13
.----------------
.520 ------ .75
.515 -....- 1.18
.512 ------1.27
.512 ------ .71
.512 -..-..1.32
..5082.88 1.51
.509 2.36 L 04
.503 1.65 L 52
.505 2.28 L 65
.514 ------ .91
.507 1.41 1.35
.510 6.90 1.51
.500 ------L 12
.508 ------ .24
.505 ..--.. .94

. ----- ...... -----
ml ------ 1.54
.493 5.05 1.67

------1 ------1 ----------- ------ .....
.490 3.03 2.0s
.503 ------2.1(
.492 4.54 2.1$
.492 3.42 1.94

0.78
.32

-...-.
.70

–:&
.35

–.17
,.....
.18

–.21
–.35
.33

–.30
–.&4

:51
—.
.E

–.35
–.49
-.12
.96
.33

------
.-----
..----
–.30
–.38
------
.--...
–.78
-.70
-.92
–.63

------ ------ ------ ..------
.515 ------ .13 .79
.514 ------ .44 .50
.522 ------ .82 .19
.513 -....- .m .61
.515 ------ .82 .17
-------------------------
.515 ------ .45 .49
.519 ------ .88 .13
.517 .-...- .99 .04
.512 ------ .34 .53
.513 ..-..- .99 .06
.508 3.14 1.37 -.31
.511 ------ .88 .34
.504 1.36 1.22 -.16
.505 1.75 1.49 –.35
.515 ------ .60 .41
.508 L 81 1.08 –.01
.507 L 52 1.22 –. 14
.500 ------ .79 .20
.512 ------ .15 1.02
.504 ------ .80 .66

------ ------ ----------3.498 ------1.06
.404 6.61 1.17 .38

------l------l------l ------------- ------ .....- -------
.489 2.02 L 83 –. 48
.503 ------ 1.94 –. 46
.495 ------ 1.96
.495 ------ 1.54 ZE

bConstricted. . Struts Changed.

). 049
.040
.. . . . .
.644
.033
.033
.640
.626
..----
;6-J!

.627

.022

.615

.605

.625

.611

.003

.631

.6m

.Eo3
;@I;

.610
------
-...-.
------
.604
.600
-.-...
-....-
.582
.006
.562
.5s8

).652
.640
..----
.043
.640
.625
.Ml
.626
------
.629
.620
.625
.033
.628
.6L13
.630
.613
.591
.641
.616
.004
.623
.626
.608
.....-
......
......
.610
.602
......
------
.578
.601
.562
.535

....
0.85
. . . .
-----
1.21
2.22
-----
1.29
. . . .
. . . .
1.01
1.66
.S!
.74
.70
.76
.80
.74
.87
.91
.65

...-.
,.-..
1.26
,----
-----
.. . . .
1.50
L 28
...-.
.. . . .

%
.93

1.34

—
....
0.62
. . . .
-- ...
. . . .
1.H
,----
1.19
-...
.62
.SJ3

1.48
3.39
1:g

.79

.92

.74
2.08
.84
.72

....-
-----

.52
.. . . .
-----
.. . . .
4.14
2.25
.. . . .
.. . . .
-----
. . . . .
. . . . .
. . . . .

0.08
.64

-. ...
.16
.04
.00

1:z
. . . .
.72

1.14
1.22
.55

L 18
1:.44

1.34
1.45
.87

1.28
1.36
...-.

.13

.69
.. . . .
.. ..-
.. . . .
1.16
1.18

...-.
-----
1.56
1.6(
1.64
1.4e

0.70
.32

.......
.60
.22

-.11
.35

-.16
.....-.

.16
-.26
-.32
.32

:;

-.44

:E
-.38
–.45
-:;:

.30
.......

......
-.17
-.20
......
......

=%!
-.69
-.43

~With disk.

1.600
.570
,...-.
.6W
.636
.400
.660
.477
......
.630
.466
.439
.644
.408
.405
;:4

.361

.404

.410

.354

.630

.636

.620
.....
-----
.....
.403
.400
.....
.....
.312
.333
.236
.308

D.04 0.81
.34 .64
...-........
.07 .70
.38 .60
.7tl ,12
.27 .69
.75 .17

..... .......
.43 .46
.85 .06
.93 -.02
.32 .67
.92 0
1.21 -.30
.69 .33
L 11 -.10
1.23 -:::
.56
1.02 -.07
1.09 -.17
.78 .18
.08 .86
.45 .64

..... .......
----- .......
..... .......
.60 .11
.87 .20
............
..... -------
; .44 -.33

-.36
1:45 -,32
1.22 -.11

).6070.12
.530 .80
...... ....
.670 . . . .
.645 1,08
,486 .82
,664 2.69
.48s .77
.. . . . . . . . .
.636 .80
.402 .70
.416 .66
.654 2.08
.474 .90
.401 .83
.510 .09
.300 ,04
.343 .68
.512 .84
;$; .0$

.67
.524 .-..
.685 . ..-
.620 ,07

.. .... ....

...... ----

.. .... ....
Jg AJ

.... .. ....

...- . ----
.208 ....
.328 ....
.213 ....
.322 ...-


